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AiiS'rlS.\CT: Surveillance and control actisities related to hoviue tuberculosis (TB) in free-rangy]ng,
Michigan white-tailed deer (Oc/oroilelIs ci;'gioiauio-s') have been iindc'rwiiy for over a decade. with
significant progress. I losvever. foci of' higher TB prevalence on pnvate lands and limited agency
al uilitv to cli iii iate them using broad control strate ics have led to development and trial of new
coat i'ol strategies. 511(1) as livc trapping, testing. and coiling or release. Such strategies require a
pi'iiinpt, accurate live animal test, which has thus flu' been lacking. We report here the abilit y of seven

cai i(lld(It(' 1)100(1 1L55ii5 to dc'tcriniie the lB iiilectioi I status of Michigan deer, Our aims were
twiilokl: to characterize the accuracy of the tests using field-collected samples''aiid to evaluate the
fea.ibi1itv of ' the tests for use in a test-and-cull stratege. Samples were collected from 760 deer
obtained sia live dil'f'ei'eiit surveys conducted between 200 .4 and 2007. Blood samples were subjected
to one or, ullOre of the candidate blood assa\'S and evaluated agaiulst the results of niycohacterial
culture of ' thctic cranial lvniph nodes. Sensitisities of the tests ranged Front 46% to 68%, whereas
specrhciti es and negative predictive values were all >92%. Positive predictive values were highly
vau'iahle. An exploratory anal ysis of associations among several host and sanipluig-u'elated factors and
the agl'eeluient between blood assa y and culture results suggested these assays wel'e uIuniullally
af'fl.'ctecl. This studs deinoustrated the capabilities and limitations of several available blood tests for
Mz/co/x,cferuuloi bouis 011 speciul lens obtained throuigl i a variety of field surveillance methods.
Although these blood assays cannot replace mass culling, i nlou'u i iatn in on their pe rlou'u 1 ian('e 11l1l

i'ovi uselul as wildlik' disease managers develop innovative methods of detecting iufk'ted 1L11111)(ils

where uuiass culling is puildiclv uuiacc'eptable and cannot be used as a control stu'ate.
keij words:	 Bovine tuberculosis, diagnostic tests, MjcoIiaetei'iuiiii I)(uc:zs, Oilocoilen.s

C/ ('gi 111011115, white-tailed deer.

INTRODUCTION

Surveillance and control activities for
bovine tuberculosis (TB; caused b y Mijco-

/xicter-iuoi boci.$) iii free-ranging, N'Iiclugaii
white-tailed deer (O(1oc'OiIeu.5 tirginianu1.S';

Schmitt et A,, 1997) have now been
uiiders-vav for more than a decade (O'Brien
et al., 2006). significant progress has been
itiade lowering the prevalence of' TB in
(leer ill the 1fl()st affected area 1w apprOx-
iii lately 70%. The primarY factors likely
responsible fin' this progress have been
twofold: reduction of deer densities
thii'ougli hunting and restrictions oil

pleinental leecinig and baiting of deer by
the public. These broad strategies, of the
Michigan 1)epartment of 'Natural Resourc-
es (N'IDNIU, inplemeuted with the coop-
eration of Michigan deer hunters, have
resulted in a halving of the deer population
in the five-county TB area (Rudolph. 2006)

and a Si ihstai itial reduction in siipplentental
lee.hng (Matthews and (,arlson, 2005).
I Iosvever, as hunters see fewer (heer, their
willingness to sustain aggressive harvests
has '(vu1cd (Voi l)eelen and Etter, 2003),
and in general, public resentment of'
control uTic'astui'c's for TB in wildlife has
gu'owit (O'Brien et al., 2006),
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.\ltl IOI il	 rvv'alc'i ('1. 	 has 1)1 ('ii gre;itls
o di iced over the TB area as a whole,
(lusters of higher prevalence have long
I een known to exist oil owned
land and those rates persist. Epiderniolog_
iCally, geographic area (O'Brien et al.,
2002) and land ownership (I lickling, 2002)
are tIc., strongest predictors of TB occur-
rence. The current broad MD NRR control
strategies have limited ability to eliminate
such clusters because private landowners
eaii limit hunter access to their lamls,
effectively controlling harvest pressure
and the size of the local deer population.
Although large-scale agency culling of
deer is theoretically an option, very little
public or political support exists (l)orn
and Mertig, 2005), Consequently, such
culling is not a viable management option.
Collectively, these factors can effectively
preclude eradication of TB from the (leer
and from Michigan unless new, more
publicly acceptable control strategies can
he devised (O'Brien et al., 2006).

Beginning in January 2004, a new,
cooperative, TB control strategy was
instituted by MI)NR with private land-
owners in the core area and with the US
Department of Agriculture's Animal and
Plant 1-Icaith Inspection Service-Wildlife
Services (APHIS-WS) branch (Schmitt et
al., 2004). The program involved live
trapping of (leer in high-prevalence areas,
testing them with a commercially available
gamma-interferon blood test and culling
of test-positive deer. Although logistically
workable and well-supported by landown-
ers and policyinakers, performance of the
gain a-interferon assay was a critical
limitation (Schmitt et al., 2004). Others
have also shown that assay to have limited
usefulness with samples from white-tailed
deer (Waters et al., 2007). Problems are
not uncommon when using serologic tests
to diagnose Al. bovcs in wildlife reservoirs
(Cousins and I'lorisson, 2005). A TB test
method with improved accuracy was
clearly necessary for the test-and-cull
program to be viable and cost effective
as a disease-control strategy.

e rn nt Iwrc ml dw dl dl IN of
candidate blood assays (\. 'aters et al.,
2004) to determine the TB infection stabis
of Michigan white-tailed deer. Our amis
were twofold: to characterize the accuracy
of the tests using field-collected samples
and to evaluate the feasibility of' perfornn
imig the tests as part of' the test-and-cull
strategy.

MATERIALS AND METHODS

Study area and population

Flie study population inhabited parts of'
Deer Management Li nit 452 (44 40'-4500' N,
8:3-:30'-84''05W, considered to he the core of
tiim-' T13 outbreak area (O'Brien ci al., 2002
northeastern I 'ower Michigan. Deer saii;1)Iis
wereobtained f'rom five sources: 1) hiii Icr
harvests in 2004 and 2005; 2) small-scale (11115
conducted by a bunt club iii January 2006 cal
February 2007 as part of' a herd-lo,iltli
program: :3) carcasses bearing gross lesions
consistent with disseminated TB presented to
the MI)NB Wildlife Disease I.aboratory
(WDL) from 2005 to 2007; 4) nuisance deer
shot oil farms by API II S-\VS staff (01(1cc

M DN R-issuecl disease-control permits; and
5) depopulation of a captive cervid shooting
facility confirmed to be positive for it!. boui.s iii
December 2006, All deer other than those
from the captive c'ervicl shooting facility were
free ranging.

In obtain biologic: samples from hunter-
harvested deer, MDN H sought the coopera-
tion of private land owners and bunt club
managers in areas encompassing clusters of'
high TB prevalence (O'Brien et al.. 2006) to
maximize tile likelihood of' obtaining Al. boni.y-
positive samples. Sampling kits, consisting of a
Ilnoplely numbered Jaw tag, 2—it) cc Vaentai-
ncr ( Bec:ton-Dickinson, Coc'kevsville, Many-
land, USA) blood collection tithes (one with
sen I in separator, one with sodium ecletic acid
as an armticoagu lant) premmutnbem'ed to match
tile tag, and instruct ious on how to collect
blood f'roin the chest cavity and tag the deer's
head, were provided to club managers. They
clist ribmited the kits to members licensed to
limit deer during regular autumn hunting
Seasons.

At harvest, deer heads were disartic'mmlatecl
and tagged to document location (township,
range, and section), date, and contact infor-
irmation for the hmummter. II cads and blood
samples from the same deer were bagged.
sealed, and shipped to WI) I.. The sex (based
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()It presence or absence of antlers) and age
(est ii nated h tooth eruption and wear;
Sev 'ringlians. 19 ,19 of the (leer were record-
ed :\Il data were arc] ived (Microsofticrosoft Access

2W2, NI iel'OSOf t ( )rporatioll Redmond, \Vasl
in( fhfll. USA).

Blood samples were obtained 1'roill the chest
cavit\ with a disposable pipette, immediately
after the deer were shot (culled, depopulated,
and nuisance deer) and at the tine grossly
lesioiied carcasses were examined at \V1)J
Previous work (O'Brien et al., 2001 ) had
sln)wn deer with gross lesions were lkelv to
yjcld positke cultures {'or ?ti. 1)0115. Serumu-
separator tubes were centrifuged ('\damns
Compact II centrifuge, Itecton-Dickinson)
fbr tO min at 1,16:3 X C, and the Senhln was
decanted into .J-i nl low-temperature free/Ar
vials (V\VR International, tue., West Chester,
Pennsylvania, USA). The siil)jective degree of'
helnol\'sis for all serum samples was assessed
visually 1w it single technician.

The suhmlandil)mular, parotid, and medial
retropharvngeal lymph nodes and the palatine

otomisils firm hunter-harvested, culled, depop-
ulated, and n hlsance deer were dissected
bilaterall y and pooled f'om- each (leer in a
sterile, 50-nil p fypropyl('mlc, screw-top eemitri-
fiige tube (Corning Incorporated. Corning.
New York, USA) for bacterial ciiltn re,is
Previousl y described (( )' linen et al.. 2004).
lissue sanipf('s that were sinnlarlv collected
from (leer with gross lesions t ypically included
parietal pleura, medial retropliaryngeal lymph
nodes, and/or lung.

Bacteriologic analyses

tissue samnpl(-'S were tested at tIlC Miclngan
Departmneiit of Community Health (NI I )CII)
Tuberculosis Laborator y by methods de-
scribed previously (O'Brien et al., 2004). Two
smears were prepared f romn processed speci-
men sedimnents. One was lieat-fixed, stained
vitb flllom'es('eflt Anrainiiie-( ) (Kent and Ku-
bica. 1985) and examined microscopicall y for
acid-fast bacteria. When positive or suspicious,
the second smear was stained via Zielil-
Neelsen fill' confmrmnatioit. The m'enianng
sediment was resuspended and inoculated to
a Lowenstein Jensen niedimimii slant ( Ilecton-
l)ickinsoi i ) . it Middlebrook  H I IS mis '(liii 10

slant ( Ilcc'tm ni - l)icki osomi ) . ;n id it Ilactec 1213
broth vial (Becton-Dickinson).  Media were

examined at least veeklv for S wk lor bacterial
growth. Acid-fast irowtli, as determined by it

/,iebl-Neclseui-stained smliear, was tested by
genetic probe (Accmipm'ohe. ( ;n-I'm'obe, San
I)iego, California, USA) to differentiate ineii-
I Id's of the 'tJ,1cohru'tci'in (Ii / iibei '11/0515 ('0111-

p1ex ( Itisuer et al.. 1994). Biochemical testing
and lnghi-1 mt'1-fonmnance IRpild chromatography
distimignisln'd \I. 1)om'is (Butler et al., 1991.
NI ('tel U iek et it]., 1995).

Immunologic analyses

\\orkers perform mug all blood tests were
blimided to the pathology and neccobaeteflal
culture status (>1 all samples.

Rapid test: .\ lateral-flow assay (CervidTB
STA'I_F !\K® I was developed 1)N Clicmnbio
Diagnostic S ystems, hie. ( Nledford. New )i ork,
USA) to (Ietcct antibodies ill yam'ious host
species (I ,vaslmcbemiko (1 al.. 2006). The test
eniplovsa (immimjue cocktail of -Al. bom:is allfigells
and blue, latex, bead-based signal-detection
sstt'm. Thiim'tv muicruhiters of sernin or whole
blood amul three drops of 'sample diluuciit svcm'c
added seqlmehitiall\ to the sample pad. Results
were read at 20 mill. ,\i1v visible l)ltmid Ii) the
test area was Considered it positive result.

Multiantigen print immunoassay (MAP/ATM): Eight
m'eeonAl)imiamit proteins (ml Al. IR)ei.S were used
liv nnmiders per Cole et ill. [1998] in

brackets): ESAT-6 I Hv:3,S75 and C1"P-1 0
I1v:38741 (Stateris S( , rnmn Institit, Copenhia-

gemi. Denmark): \1FI359 [livI886c]. MP1364
I liv I980c1, MPII70 [11v2875], lili(I MPBS3
[11v2873] (Vetem'inarv Sciences Divisiomu. Stor-
mont, Belfast, U K): Acr I I liv:3:391 I and PstS I
11v0934 I (Standard Diagnostics. Seoul. South

Korea). Two pohprotcin husmom is (CFP- 10/
ESAT-6 aiRl ierI/NI PBS3; Statens Scion'
Imistitut, Copemihagemi. Denmark) and one
native antigen (,\I. bins culture filtrate '[1911
1:378: \'etcrio;trv Sciences 1)ivision, Stormont,
B('lf'ost, UK) were also empIoed.

The mnulti;imitigen print immlmumloassav was
performed as described pm'cvions!v (Lvashi-
cheiikn et aI.. 2000)..\mitigemis were imiiuiohi-
lizeti oil (Sclib'i('ber & Schtuell,
K'ene, New Ilaiiipslnre. I.S.\) using a semni-
imitotiitted airhm'ush-primitimig device ) t .inomoat
IV, Camnag Scicmitific In(-., \\'ilmmnmigton, Dela-
ware. USA). The niemmihm'imme was (-tit into 4-
mnmii-wide strips, blocked fi.mr I tin with 1%
mioifat skini mmnlk in phosphate-bmml 'fered saline
with  1)05% Tweemi 20 (PBS]': Sign.-Aldrich,
St. Louis, 'Missouri. USA), and incubated fom'

I ll - with senmimli samples diluted to 1:40. Alter
Washin g ' strips were iii cii! )at( 'd ovi 'nil 1gb with
1M'm's-cmiJugate	 teProin C (Sigma-Al-
(Imicli) diluted to 1:1.000. Deer mnumimmmioglub-
uhiii C (Ig(;) antibodies, bound to Printed
amitigeuis, were visualized with :3:3' ,5,5'-tetra-
mnethi\l hemizidimme )Kim'kegaard and Perr y Lab-
oratories, Inc., Gaithiershnirg. M1trvlamid, USA).

1
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Immunoblot assay: Electrophoresis and ito ii iii -
iiohlnt assav were performed using described
ptocediires ( Haniiantiiie and Stahel, 2000)
With the kdlowiiig itiodiheatinns. Antigens for
On ni Ui iol ) lot we re i'it hi r a wi ml c-cell sot micate
of M. beers strain 955-1315 or recombinant
MP1383. The soincate was prepared as de-
scribed (Waters et al., 20055) Antigen was
electrophoresed th i'om iglm preparative 10% (wI
v) polvacrylamide gels and ti'aiisferred to
nitrocellulose. These membranes were placed
in blocking solution consisting of PBST and
2% (w/0 bovine sei'iiiii alluinhmn (PBST-BSA),
then into the slot-blotting device (Bin-Bad
Laboratories, Richmond, California, USA)
with individual sera, dilnted to 1:200 ill

PBST-I3SA, added to independent slots. After
2 hr incubation with gentle rocking, blots were
washed five ti Ties with PBST and incubated
with horscradish peroxidase-conjngated rabbit
anti-deer (Kirkegaard and Perry) diluted to
1:20,000 in PBST- RSA ftr 1.5 hr. Blots were
again washed four times with I'l-IST and were
developed for c'lmemiliiniinescence in Super-
Signal detection reagent (Pierce Chemical
Company, Rockford, Illinois, USA).

Enzyme-linked immunosorbent assay (ELISA): L

poarahiiioinannan-enric'lied antigen was
pared fi -orn M. boe,s strain 95-1315 as
described (Waters et at., 2002). lnnnulon 11
96-well mnicrotiter plates (I )vnatech; Clsanti fly,
Virginia. USA) were coated with 100 p1/well
(4 pg) antigen diluted ill

 buffi'r (p11 9.6). Antigen-coated
plates, including control wells, were incubated
for 15 Il i- at 4 C, washed three toes with
200 p1/well l'IIST, and blocked with 200 gIl
well of milk dilllemltlhlockimig solution ( Kirke-
gaard and Perry). After i ncubation for I Ii r at
:37 C, wells were washed nine times with
200 j.d/well PBST, and test sera added (101) .tl/
will) in duplicate. Test and control sera were
diluted 1:100 ill PBS containing 0.1% gelatin.
After incubation for 20 hr at 4 C, wells were
washed nine tines with 200 p1/well PBST and
incubated 1 hr at 37 C with 100 p1/well of
horseradish peroxicl;tse-conjugated anti-cer-
vine IgC heavy and light cliailis (Kirkegaard
and Perry) diluted 1:1,000 in P1-IS phis 0.1%
gelatin. Wells were again washed nine times
with I'BST and incubated 4 nun at 20 C with
[01) ph/well of Sure Blue TMB peroxidase
substrate Kirkegaat'd and Perry ). The reaction
Was stopped by addition of 100 p1/well of
0. 18M sulfuirit' acid, and the absorbance
(450 imm) of individual wells was measured
using an automated E LISA plate reader
(Molecular Devices, Nle imlo Park, California,
USA). Data were evaluated as changes in

optical density readings (i.e.. ()D) calculated
by subtracting the 1 11 call optical density
readings for wells receiving coating humifer
alone (two replicates) from the mean optical
(lemmsitv readings for antigen-coated wells (two
replicates) receiving the sauime sen nm sample.
Twom ciii -off val ties, At.) I) ^!0.25 and At.) 1) :^!
0:3, were evaluated separatel y as decision rules
to determine whether a given sample was
considered positive for M. boeis.

Statistical analyses

Seven 1)100(1 assays were evaluated: rapid test
oil whole blood; rapid test on serumni; multi-
amitigeil pill imlninuo;m.ssav on Sei'umln: uniOn-
in hh )t fu i' I\I. /)01: hS whole-cell son icate on
Serum: iiiituinohlot for M PBS3 oil scrum; and
ELISA with emit-off points of AOD^0.25 and
AOl)^-0.:3 on serum. The result of' each test
was binar . either TB positive or TB negative.
All assays were evall mated against time gold
standard of mvcohac'terial cu lturere by calcul at-
ing sensitivity, sp'c'ificity. and the pmsshic'tve
values of positive and negative tests ('liinisf'ield,
1995) using freely available software (1 .osvu'v,
2007), with 957c, percent coimfidence hunts
calculated by time coil ti l l Ili tv-correeted clii-
eient-seore method ( \ewcouiibc, 1998).

Misc'lassificatiomm of Inn' disease status iimav
occu rr when factors af f'ec't tIe' pe rformance  of
diagnostic tests (Thirusfleld, 1995). Cot isequel it-
lv, exploratorv analyses were carried out to
assess the mnflumencs' ol' two host factors (sex and
age) and three saniphitig_related foetors (source
of' sample,iple, days elapsed 1 ePveeim sampling at
processing, and for tests on serum, degree of
bem lvsi s)oi i t he agreen m ei it between  I lie 1)1(11)11
assays amid culture. Days elapsed, or lag da s.
was the imuummbe'r of (lays betweemm time (halt' time
(leer was killed and the date tie' rapid test oil

whole blood was run and the blood was spiumi
dow]I to separate serum. Factors were coded as
follows: i sex (binary, reference level: f'eumale):

2) age (ordinal, by quartiles, reference level:
1.5 yr); 3) source of' sample (noimmiiial, five

levels, ref'erenee level: hunter harvested); 4) lag
days (ordinal, three levels, m'ef'erence level: 0

days): 5) lmemolvsis (ordinal, five levels, refi'u'-
enc'e level: clear). For each assay oil vach deer, it
hi nary varial le naumied agreeuimeiml took the Val tie
yes, if'blood test and culture results itgu'eed. and
no otherwise. A two-tailed Fisher's exact test
(Proc I'rei 1 . SAS version 9. Carv, North
Carolina. USA) assessed whether significant
variation ill agm'eeiiir'imt (considered attaumied at
P0.1) occurred across levels of' each host and
sampling flictor. Those fbuind significant for i t
given assay webs-' retained mm' iiimmltivaniahle
modeling,
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Retained lactors w('r(' used as predictors in a
'ii('S of' illniti\'arial)le logistic regression itoil-

els Kileiihaiitii i't al., RJYS) for ('aclI 1)100(1 assilv
scitli agr('eiii(iit as the respoiiS, itiixleling the
probability that agreeiiieut y'.s. C andidate
models were ranked, and the lx'st-approxinat-
jug iii0(lt'IS ('IiOS('fl h ini'tliods previously
described ( hurnhiinii and Anderson. 199
using Akaike's lnfrniatioii Criterion corrected
for 5iiiihl Sample bias (A1(. I ,(l)i'etOii it ii!..
199:2). the MC, dille'reiice A) la'tweeui each
caudidati' i'iiodel Wid tile best approxniiating
model, and iioi'oitlii.ed Akaike wei ghts )w).
( tolidate models when' La2 were ('OnSid-
end to have suihstaiitial support Ironi the data,
am1 those \Vhm('r(' 2'(A4 \Vi.'I'(' ('OiISI(hel'c'd
reasonal)Iv plallsible. Both groups were comisid-
end coiiipetiiig. Models where A 1 >4 \Ver('
considered a pocr lit to the data. Associations
between test agreement and the host/sampling
factors ill hest-approximatnig models were

viaassessed via odds ratios ( Kleinhammmo (t al..
1998). \Vhio're more than one model was
computing for best-approxiinati mg iiiodel, mod-
el iveragi ig of parameter estimates was used to
(leI('rOOhle odds ratios. Associations were con-
sidered significant at 110.05.

RESULTS

Blood and tissue samples from 760 deer
were obtained, and tissues were cultured
for Al. hot:is. The volume and quality of

blood samples 'was highly variable, partic-
ularly among limiter-harvested deer. In
some cases, whole blood or sci'iiin was not
submitted, or volumes were insufficient
for all seven assays. The iiflhliItiiOi)lnt 011

whole-cell soiiicate and the two LIASA
assays were not perIrmed after February
2006. The sensitivity of the iit)liiLlliOi)IOt
was iiisiuihcieot to justiR its expense.
\vlleI'eaS the ELI SAs were discontinued
following departure of tile staff' who had
conducted them. Go lii sequ ieu i tiv, not all
assays were run on all deer. Nevertheless.
blood samples f 'roin culture-positive deei'
Were distributed relatively evenly among

tile assay methods (Table 1). There was no
significant variation in the proportion of
samples l'rolll culture-positive deer that
were tested by each blood assay (X 

2= :3.45,

lf=6, J'=0.75). Results lou' the niiiuino-
hiot on whole-cell soiiicate and the
El ASAs were obtained br 45c/0 of' the

7"l,
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(leer, whereas the rapid test on whole
1)100(1 and the illlIllllI101)lot ott MPB3
antigen were performed on 72% and 90%.
respectively. More than 97% of the
samples were tested by both the rapid
test on serum and the niultiantigen print
i niiouiioassav (Table 2).

Point estimates of the sensitivity of the
Hood assays ranged from 46% to 68%,
whereas sped licities and negative predic-
tive values were all >92% (Table 1).
Positive predictive vli1les were highly
variable, ran gi ng from 19% for the iminli-
noblot on whole-cell sot ncate to 70 17c for
the rapid test on whole blood.

Best-approximating models of the influ-
ence of host and sampling factors on blood
assay vs. culture agreement were dominat-
ed by sample source and the lag days
between sample collection and processing
(Table 3). There were no significant pre-
dictors of agreement ill live of 13 (39%) of'
the competing models. Sample source was it

significant predictor in the other eight
models, \vlth signihcaut variation attribut-
able to grossly lesioiied \VI)L carcasses.
Regardless of' blood assay, results for those
samples were less likel y to agree with
culture than hunter-harvested samples.
Assay results for hunter-harvested samples
were between eight and 125 tunes more
likely to agree with culture than samples
from lesioned ciu'casses. Heinol ysis was it
significant predictor of' agreenieiit only in
the best-approximating model for the rapid
test on serum, where results oil iiioi'e
hemolvzed samples were more hike]' to
agree with culture (odds ratios and 95%
confidence limits compared \Vitll ('Lear
samples: light red, 6,3 [1.4, 29]; medium
red, 14.0 [1.1, 1:361; dark red, 10.6 [1.6, 72]).

DISCUSSION

"['lie North Ainera'an paradigm of pith-
lie ownerslup of' wildlife has ho-reaching.
sometimes unanticipated, implications.
Even where they are ac-cepted by wildlife
olanagel's as justified and scientifIcally
sound, disease control strategies, si tel t as

iiiass depopulation, that are standard
prac:tice for privately owned livestock
may he publicl y unacceptable for usc' ot
Free-ranging vildlih' (I Ieberlein, 2004),
and so, may not be iiiipletiieiited on the
scale necessary to be effective. \Vitli such
tools made politically unusable, iliallagers
of wildli fe diseases may increasingly he
forced to develop tiioi'e innovative n'1li-
odis of' diseriniii iatil i cy infected from 0011-

infected animals as au antecedent to
Control.

The i itent of' this stud y was to evaluate
it number of' candidate blood assays
siuiultaiieonslv nuclei' realistic conditions
and with specimens likel y to be represen-
tative of' those available f'rom TB snrvcil-
lance ill Michigan. Although the sensitiv-
ity, specificity , and the predictive values
for the Various tests are reported collee-
tivelv here, direct comparisons between
tests should he approached with caution.
I('C'l1l5c of' limitations in sample volume
and test availability across years, no two
blood tests evaluated emic-dy the saute data
set, although overlap was substantial
(Table 2). There was no significant varia-
tion ill the proportion of' samples from
culture-positive (leer that were tested by
eadi blood assay (Table 1), providing little
evidence that dif'f'erential testing of' cmii-
tuire-positie animals by some assays and
not others, biased the results.

All of the 1)100(1 assays displayed high
specifucities and negative predic-tive val-
ues. Public distaste fbr the killing of large
ntiiohei's of "innocent' (i.e., TB-negative)
deer in the pursuit of' it fow TB-positive
animals is time fundamental basis for
opposition to widespread culling as it

disease-management tool. These blood
tests were all quite unlikely to hilselv
identify a TB-negative cheer as being
positive, hocliuig well for public accep-
tance. Granted, the public' would liae
chiI ' f 'icultv knowing when false-positive
deer were culled. However, if close
scrutiny of' publicly accessible disease-
control plans should reveal it lack of
agency, candor with respect to the accura-
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cv of the (IiitgnOstic tests, the distrust
created could critically lifl(.h'l'lililie the
credibilit y of Wildlife iniulagers for years.
Without that credibility, the already pre-
carious public support for disease control
could further weaken (1 lcherlein. 2004),
and progress toward eradication could
slow or cease.

As would he expected when specificities
are high, sensitivities ai id positive predic-
tive values were, ill considerably
lower. This imposes formidable obstacles.
First, approxiiiiatelv one third to half of the
truly TB-positive deer tested will be
identified as TB negative. Such animals
will not be removed from the populat ion by
a test-and-cull strategy, such as 01 trs, and
will continue to pose all exposure risk. On
that basis alone, it is understandable that
test-and-cull programs using these 1)100(1
assays could be re j ected as TB-control
strategies out of' hand. Clearl y , such
strategies are not vet. amid miiav never be. a
substitute fer n iass ci tiling, Where depop-
ulation is it tool actuall y available to wildlife
inailagers. however, iii situations like
Michigan's where depopi ilatiomi simply
cannot he used heeiitse of ' public opposi-
tion, assays with even modest sensitmvitv
\V011id allow removal of some positive
animals that would otherwise remain in
the ppihttjomi \Vlicthiem' test-amid-cull
strategies based on such tests could m'emllove
enough (leer to have a mneaniumgf'i il elThct mi
overall transmission and maintenance of'
TB remains to be determined. Second, and
more important front a practical stand-
point, false-negative clec'r adverselv affect
the cost ef'fectiveness of ' test-and-cull pro-
grams, increasing the mone y and effert
expended to remove a positive (leer from
the population. As the prevalence of TB in
the population decreases, those costs
increase prohibitively. Incorporating vacci-
nation of ' test-negative deer into a test-amid-
cull st rategv should imiiprovc cost effective-
ness. Early investigations of' bacillus Calm-
ette-Cuérin vaccillatioll of white-tailed
deer are promising (Palmer et al., 2007:
Nol et al., 2008).

The blood assays ill study \vem'e
nnni nallv affected by variations iii the
host and sampling hictom's. All the tests
were robust to differences in sex, age, and
sample o jimahitv that are likely to occur
across the surveillance methods typically
used to collect wildlife samples. The
Office International des Epizooties has
stipulated that estimates of diagnostic
sensitivity should be made in populations
that imlimnic those in which the diagnostic
tests will be used (Cousins and Florisson,
2005). Thus, quantitative information on
how host- or sampling-related factors
affect the perfirunamuce of the tests is
critical, so that variations ill call
he properly attrii)lmted either to those
factors or to the tests themselves. Some
of the deer anticipated to show the
strongest agi'eement between the blood
assays and culture (grossl' lesioned car-
casses sampled at \VDL), ill fact, showed
the poorest agreenieiit. Fifteen (83%) of'
the 18 lesioned carcasses cultured positive
for M. bom:is. ill but one instance where
time assay results disagreed with culture, a
false-negative resulted. Thus, lowered
sensitivity of the assays was the principal
cause of this disagreement. The carcasses
were often eviscerated and sometimes
quite desiccated. The red fim ud sampled
from these (leer and pm'esmlnie(l to he blood
may well have been a ii imxtmtre of' blood,
water, rumen contents, and other fluids.
winch may not have contained suf'fic'ient
antibodies to diagnose TB using the
assays. fit because these carcass-
es comuprised only about 2% of' all blood
Samples tested, it is also possible that their
ef'f'ect oil would be moderated,
or made insign i f 'icammt, with a larger sample
size.

Cousins and i'lorissoui (2005) reviewed
tests available to diagnose TB ill variety
of wiklli f'e spc'eies and tin' difficulties of'
test validation. they note that, ill
detection of' I mm umoral antibod y is consid-
ered a poor indicator of infection, and that
antibody-based tests, such as those we
evaluated, are likely to have limited



162	 JOURNAL OF WILDLIFE DISEASES. VOL. 45. NO. 1. JANUARY 2009

It i)p I1 ( atR Ii II 'I'll-ci Ii ItOh programs. That
said, they also point out that recent
advances in availability of pun fcd anti-
gVIIS, tecliliologies for antilx)dv detection,
Mid the unc]eiiialde logistic advantages of
antibody tests with respect to cost and

of use, have sustained c'oiitiiiiied
iiitt'i'est ill data oil their diagnostic perlor-
iII;tnee. In Particular, results froiii large
siiiiipies of naturally exposed animals in
how-TB-prevalence populations that have
l 'en simultaneously tested via the gold
standard, iiivc'ohacterial culture, continue
to he needed (( ,ousins and Flonsson,
2005). Our studs,' meets all of these criteria
aid has doeti i iiented the perforinaiice of'
several available blood assays fir Al. hovis

specinlells ol)tluhle(l through a variety
of ' field surveillance methods. where use of
the intradernial tuberculin test is not an
I IfitiOn. The lilajority of the tests evaluated

rr(Iiiire a well-equipped, climate-con-
trolled laboratory and skilled laboratory
1)(''501111('l to conduct. \Vhere these needs

can be satisfied, the tests may he valuable
additions to tile tools available fir diagno-
sis of' M. boris ill deer. 'Fluev
Iiia\ he of limited utility, however, in field
operations where testing necessarily iiinst
be performed ill weather by staf'f'
iiiskilled in laboratory teclinit1uue. Iii such

situations, the logistic advItiltages of rapid,
animal-side screening assays like the

ervidTB STAT_PAK ® may prove (Id h-
cult to ignore.
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